ABSTRACT : Manganese (Mn 2+ ) is a trace element that is essential for normal physiology, and is predominantly obtained from food. Several lines of evidence, however, demonstrated that overexposure to MnCl2 exerts serious neurotoxicity, immunotoxicity and developmental toxicity, particularly in male. The present study aimed to evaluate the effect of 0, 1.0, 3.3, and 10 mg/kg/day doses of MnCl 2 on the reproductive organs in the immature female rats. Rats (PND 22; S.D. strain) were exposed to MnCl 2 (MnCl 2 4H 2 O) dissolved in drinking water for 2 weeks. The animals were sacrificed on PND 35, then the tissues were immediately removed and weighed. Histological studies were performed using the uteri tissue samples. Serum LH and FSH levels were measured with the specific ELISA kits. Body weights of the experimental group animals were not significantly different from those of control group animals. However, ovarian tissue weights in 1 mg and 3.3 mg MnCl 2 dose groups were significantly lower than those of control animals (p<0.05 and p<0.01, respectively). Uterine tissue weights of 3.3 mg dose MnCl 2 groups were significantly lower than those of control animals (p<0.01), while the 1 mg MnCl 2 dose and 10 mg MnCl 2 dose failed to induce any change in uterine weight. Similarly, only 3.3 mg MnCl 2 dose could induce the significant decrease in the oviduct weight compared to the control group (p<0.05). Non-reproductive tissues such as adrenal and kidney failed to respond to all doses of MnCl2 exposure. The uterine histology revealed that the MnCl2 exposure could affect the myometrial cell proliferation particularly in 3.3 mg dose and 10mg dose group. Serum FSH levels were significantly decreased in 1mg MnCl 2 dose and 10 MnCl 2 mg groups (p<0.05 and p<0.01, respectively). In contrast, treatment with 1 mg MnCl 2 dose induced a significant increment of serum LH level (p<0.05). The present study demonstrated that MnCl 2 exposure is capable of inducing abnormal development of reproductive tissues, at least to some extent, and altered gonadotropin secretions in immature female rats. Combined with the well-defined actions of this metal on GnRH and prolactin secretion, one can suggest the Mn 2+ might be a potential environmental mediator which is involved in the female pubertal process. (Emara et al., 1971; Mena et al., 1967) , and may result in lowered sperm count and semen quality (Hjollund et al., 1998 
INTRODUCTION
Manganese (Mn 2+ ) is a trace metal and is essential element that is required for normal mammalian physiology. Several enzyme systems have been reported to interact with or depend on Mn 2+ for their optimal catalytic or regulatory function (Gunter et al., 2006) . On the other hand, excessive exposure to Mn 2+ seems to cause serious neurotoxicity, immunotoxicity and developmental toxicity, particularly in male (Michalke et al., 2007) .
Concerning the reproductive toxicity of Mn 2+ , studies have been focused on the mammalian testicular dysfunction. Chronic exposure to Mn 3 O 4 (1,050 ppm) retarded the sexual development shown significantly smaller testis, seminal vesicle, and preputial gland weights in mice (Gray & Laskey, 1980; Webster & Valois, 1987) . In human,
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occupational exposure to Mn 2+ decreased libido and impotency (Emara et al., 1971; Mena et al., 1967) , and may result in lowered sperm count and semen quality (Hjollund et al., 1998) .
So far, however, research on the effect of Mn 2+ exposure on female reproductive physiology has been conducted poorly. The present study aimed to evaluate the effect of 0, 1.0, 3.3, and 10 mg/kg/day doses of MnCl 2 on the reproductive organs in the immature female rats.
MATERIALS & METHODS

Animals
Timely pregnant Sprague-Dawley rats were obtained from DBL (Chungcheongbuk-do, Korea) and reared in sangmyung university animal facility under conditions of 12-h light/dark cycle (lights on at 07:00 h) and constant temperature of 22±1 ℃. During pregnancy and lactation, the mothers had free access to normal chow and tap water. All procedures used were approved by the Animal Care and Use Committee at Sangmyung University.
Experimental design
The day after weaning (postnatal day 22, PND 22), female dams were randomly assigned to the following exposure groups (n=8 dams/group) from PND 22 until PND 35: (1) oral administration of 0.9% Saline (300 ㎕ /100 g BW/day, Control group), (2) oral administration 
Measurement of serum gonadotropin levels
The trunk blood samples were collected and centrifuged at 3,000×g for 15 min. The measurements of the serum FSH and LH were carried out according to the commercial instructions for the specific ELISA kits (USCN, China). The sensitivities of the FSH and LH assay were 0.55 ng/ml and 122.5 pg/ml, respectively.
The intra-assay and inter-assay coefficients of variation were <10% and <12% for both hormones, respectively.
Statistical analysis
All values are expressed as the means (±S.E.). Differences between control and treatment groups were analysed by Student's t-test. P values less than 0.05 were considered significant. The IBM PC programs INSTAT and PRISM 3.0 (GraphPad, San Diego, CA, USA) were used to calculate and plot the results.
RESULTS
Tissue weights
In order to evaluate a potential effect of Mn 2+ on female reproductive organs, we measured the tissues weights of ovary, uterus and oviduct. Kidney and adrenal weight served as non-reproductive tissues. After 2 weeks of administration, body weights of the all Mn 2+ exposure group animals were not significantly different from those of control group animals ( Fig. 1, A) . However, ovarian tissue weights ( Fig. 1, B Uterine tissue weights (Fig. 1, C (Fig. 1, E & F, respectively) .
Uterine histology
To access the histological changes in MnCl 2 exposured uteri, standard paraffin section and hematoxylin-eosin staining method were employed. 3.3 mg and 10 mg
MnCl 2 dose groups shown the thickend myometrial layer when compared to control (Fig. 2, Mn3 .3 & Mn10).
In contrast, 1 mg MnCl 2 exposure reduced the thickness of myometrium (Fig. 2, Mn1 ).
ELISA
Serum LH and FSH levels were measured using specific ELISA kits. Fig. 3 
DISCUSSION
In the present study we demonstrated that the Mn Occupational exposure to Mn 2+ could be occurred often at the workplaces such are mines and dried battery factories (Emara et al., 1971; Mena et al., 1967 In the present study we failed to confirm the advanced puberty onset in Mn 2+ exposed female rats (up to 10 mg/kg BW, data not shown). Pine et al. (2005) (Kim et al., 2009 ). These results suggest that exposure to Mn 2+ decreases hypothalamic DA and promotes the production of prolactin in the pituitary and that Pit-1 might be a regulator of DA and prolactin.
Furthermore, such Mn 2+ exposure induced significant increase in serum prolactin levels seemed to be highly correlated with the testis toxicity (Lee, 2009) . In this context, relationship between Mn 2+ exposure and DA/ prolactin secretions in immature female rats will be helpful to understand the function of the metal during pubertal development.
